M acular hole is a well-known and extensively studied macular disease. Gass was the first to classify and propose tangential vitreo-foveal traction as the underlying cause. 1, 2 More recently, data based on optical coherence tomography (OCT) has supported Gass' original hypothesis attributing macular hole (MH) to vitreo-foveal traction and an OCT-based classification was developed. 3, 4 This theory has been additionally reinforced by successful treatments of MH with cortical vitreous peeling. 5 Thus, both removal of the posterior cortical vitreous and posterior vitreous detachment are thought to relieve these traction forces and be a protective factor to MH development.
The proposed mechanisms seem to be contradicted by a number of patients in which a MH develops after a complete posterior vitreous detachment or even after pars plana vitrectomy (PPV). 6, 7 Brown was the first to describe secondary MHs after retinal detachment (RD) surgery. 8 These initial reports were associated with scleral buckling surgery and pneumatic retinopexy. [8] [9] [10] [11] [12] [13] Other reports of MHs following PPV followed shortly thereafter. 14 The incidence of MH following RD repair (pneumatic retinopexy, scleral buckle, vitrectomy or a combination of these) has been reported to be between 0.24% and 1.9%. 11, [15] [16] [17] [18] [19] Because MH after RD surgery is uncommon, the pathogenesis and outcomes have been mostly described in small retrospective case series. Although successful closure of the hole has been reported, visual outcomes are usually poor presumably from the preceding RD. 19 The current study reports a larger consecutive case series of patients developing MH after RD surgery by PPV.
Methods
The study was conducted in accordance with the ethical standards established in the 1964 Declaration of Helsinki for research involving humans and approved by the Institutional Review Board of the University of Miami.
This was a retrospective, single-center, multisurgeon, consecutive case series including all patients who underwent PPV (single or multiple) for rhegmatogenous RD from July of 2009 to July of 2014 and subsequently developed a full-thickness MH after successful retinal reattachment surgery. Patients who underwent a combined vitrectomy with scleral buckle procedure were also included. Patients with diabetic tractional RD at presentation or traumatic RD at presentation or MH identified before or during the RD surgery or iatrogenic MH or MH detected within 1 month of initial PPV for RD were excluded from the study.
The medical records of these patients were reviewed and patient data including age, refractive error, visual acuity at initial presentation, status of macula, surgical procedure, number of surgeries performed for RD, indication of silicone oil for recurrent RD, surgical procedure for recurrent RD, time interval between initial vitrectomy and MH formation, visual acuity at time of MH diagnosis, presence of additional retinal pathology such as proliferative vitreoretinopathy (PVR), surgical procedure performed for MH surgery (internal limiting membrane [ILM] peeling, C 3 F 8 or silicone oil injection), visual acuity at final followup, and status of MH at final visit were recorded.
Results
Fifteen patients met the study criteria. Eight female and 7 male patients with the average age of 64 years (range 50-86) were included in the study. The refractive error or axial length was known for 9 of 15 eyes. High myopia (refractive error of more than 6 diopters or an axial length of .26.5 mm) was noted in 5/9 (56%) patients. In the current study, epiretinal membrane (ERM) (73%, 11/15 patients), macula-off RD (60%, 9/15 patients), recurrent RD (60%, 9/15 patients), and high myopia (56%, 5/9 patients) were noted.
For MH, single surgery was successful in 8/15 patients (Group A) while 7/15 patients underwent multiple surgeries (Group B). History, clinical presentation and initial surgical management of patients developing MH after RD surgery are shown in Table 1 . All patients underwent PPV for rhegmatogenous RD repair. Nine patients received a simultaneous scleral buckle (60%). During the initial PPV surgery performed for RD, no staining agents were used and no membrane (ERM/ILM) peeling in the macular area was performed. None of the patients with high myopia in the current study had myopic macular retinoschisis. Surgical procedure performed and outcomes (anatomical and visual) of MH after RD surgery are shown in Table 2 . The average time from initial RD surgery to MH diagnosis was 93 days in Group A and 149 days in Group B with an average in all 15 eyes of 119 days (range 41-398 months).
Group A
Among Group A (eyes undergoing single PPV for RD), 7/8 eyes received long acting gas as a tamponade agent. Silicone oil was used in one patient (patient number 8) as an intraoperative choroidal detachment was noted. This patient had presented with macula-off RD at presentation and developed a MH while silicone oil was in the eye 180 days after initial PPV. Among these 8 patients, ERM and ILM were noted in 5 and 6 patients and membrane peeling was performed subsequently during MH surgery.
Group B
Among Group B (eyes undergoing multiple PPV for RD), 71.4% (5/7) patients presented with a simultaneous recurrent RD and MH (patients 11-15). Proliferative vitreoretinopathy was noted in 57.1% (4/7) patients (patient number 12, 13, 14, 15) and underwent silicone oil injection because of the simultaneous RD. One patient (patient number 11) did not receive silicone oil at the time of MH surgery as retina was attached and stable. Another patient (patient number 9) developed a MH while silicone oil was in the eye after first PPV for RD and underwent silicone oil removal and ILM peeling for MH. Among 7 patients in Group B, ERM and ILM were noted in 6 and 4 patients and membrane peeling was performed during MH surgery. AFX, air-fluid exchange; EL, endolaser; ERM-P, epiretinal membrane peeling; F, female; high myopia, 6 diopters or axial length .26 mm; IVT, intravitreal triamcinolone; M, male; MH, macular hole; MP, membrane peeling; PFO, perfluoro-n-octane; PPL, pars plana lensectomy; PPV, pars plana vitrectomy; PR, pneumatic retinopexy; PVD, posterior vitreous detachment; RD, primary retinal detachment; RRD, recurrent retinal detachment; SBP, scleral buckling procedure; SO, silicone oil; SOR, silicone oil removal. In the current study, none of the patients in Group A had PVR at presentation while 4/7 patients in Group B had PVR. Because of PVR, these 4 cases in Group B underwent silicone oil injection along with ILM peeling during MH surgery. Mean visual acuity improved in Group B after MH surgery but since the number of patients was small, no statistically significant conclusions can be made. Two of the 4 patients with PVR did not achieve MH closure at the last follow-up.
Visual acuities among various subgroups (high myopic versus nonhigh myopic patients, macula-on RD versus macula-off RD at the time of diagnosis of MH, scleral buckling versus no scleral buckling during initial PPV) are shown in Table 3 . Because the number of patients in these subgroups was small, no statistically significant conclusions can be made.
Discussion
The current study reports a consecutive case series of patients with MH after PPV performed for RD (single or multiple surgeries). These MHs appear to be different from idiopathic MHs in terms of etiology, as well as visual and anatomical outcomes.
The study reports possible associations (high myopia, macula-off RD, recurrent RD, presence of epiretinal membrane) and visual acuity and anatomic outcomes in these patients.
The current retrospective analysis included 15 patients with MH formation following PPV for rhegmatogenous RD. The prevalence for MH following RD ranges from 0.24% to 1.9%. 15, 16 This includes cases of scleral buckle and pneumatic retinopexy procedures for retinal reattachment (Table 4) . [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Clinical characteristics and outcomes from the current study were compared with published data. In the current study, 67% of patients were younger than 65 years of age. This is similar to published data that 82% of patients were younger than 65 years of age. Also similar to published data were the presence of a maculaoff RD at presentation (73% vs. 60%) and the presence of ERM (69% vs. 73%). The percentage of MH closure was lower in the current study (73% vs. 92%). This might be due to the fact that none of the patients in the current study underwent more than one procedure for MH repair because of the guarded visual prognosis. The current study also found a higher rate of recurrent RD compared to the published literature (60% vs. 21%) ( Table 5 ).
In the current study, macula-off RD and high myopia although seen in 60% and 56% patients, respectively, did not show any statistically significant effect on the visual and anatomical outcomes. Membrane peeling was not performed in the initial PPV for RD. Although a clinical posterior vitreous detachment was noted in 60% of patients, no vitreous staining agents were used during initial RD repair. The risk of residual cortical vitreous with subsequent contraction or absence of a complete posterior vitreous detachment secondary to vitreoschisis remains a possibility. Furthermore, contraction of residual vitreous, ERM formation, and proliferative vitreous retinopathy may all have contributed to the residual tractional forces following PPV for RD repair that may have been responsible for MH formation in some of the cases (Figure 1) .
Cystoid macular edema (CME) has been postulated as a mechanism for MH formation in the absence of tangential traction. Macular hole in patients without visible vitreo-foveal traction or epiretinal membranes by OCT indicates that nontractional factors may be contributing to hole formation. There was absence of ERM on OCT in 4 patients (patient number 3, 5, 6, 10). Optical coherence tomography images of 2 such patients from current study are shown who developed MH despite the absence of visible traction (patient number 5 & 6- Figure 1 , B and C). We did not measure the size of MH in these patients because the color images and OCT images were not taken in a standardized prospective protocol. Instead, multiple cameras (Topcon, Optos, and Heidelberg) were used in imaging these patients. Patients with prior successful MH surgery have been found be at greater risk for hole reopening from cystoid macular edema following cataract surgery. 27 Antiinflammatory treatment with for resolution of the cystoid changes in patients with MH without vitreo-foveal traction has been successful in closing MHs. 28 Proliferative vitreoretinopathy at the time of MH diagnosis (4/7 patients in current study) was associated with limited visual improvement. Mean visual acuity in these 4 patients was generally poor (20/100, 20/150, HM, HM) and 2/4 had persistent MH. Overall, MH closure occurred in 73% (11/15) patients. Current series had few limitations in being a retrospective study, small number of patients, and cases operated by multiple surgeons. Despite various limitations, the current study showed that MH formation after PPV for RD may be associated with ERM (73%, 11/15 patients), macula-off RD (60%, 9/15 patients), recurrent RD (60%, 9/15 patients), and high myopia (56%, 5/9 patients). Macular hole closure was achieved in the majority of patients (73%, 11/15 patients) but with limited visual improvement. The possible reasons for limited recovery of vision in the group of eyes in which the MH was closed include progressive cataract, retained silicone oil in the eye, or myopic macular degeneration. Because this is a retrospective study, information on the exact reasons of reduced visual acuity in these patients was not always recorded in the medical records. Among patients with persistent MH at final follow-up, two patients (patient number-12 and 13) had very poor final visual acuity (hand motions) and both these patients had multiple procedures and had retained silicone oil at last follow-up.
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